Immunostaining showed that at 12 hr post etoposide treatment, FiliaS349A was localized on mitochondria, whereas much less Filia340 or FiliaS349D was detected on mitochondria. Scale bar, 10 μm. Wild-type mice with same genetic background were used to derive control ESCs. The zona pellucida of the blastocysts was removed by incubation with acid Tyrode solution (pH 3; Sigma T1788-100 mL). Blastocysts without zona pellucida were plated on mitomycin C-treated MEF. The blastocysts were allowed to attach to MEF and grew without any interference for 48 hr. After five days, the outgrowths were selectively harvested and transferred into droplets of 0.05% trypsin-EDTA solution for 1-3 min. Dissociated individual cells and small cell clumps were pipetted directly into a well of 4-well plates containing new MEF and ES medium. After continuous purification, the putative ES cells were frozen at a concentration of 2 x 10 6 cells/vial.
ESC culture was maintained in a humidified incubator at 37℃, under an atmosphere of 5% CO 2 and 95% air. ES medium was composed of DMEM/F12 supplemented with 20% knockout serum replacement (Gibco; 10828-028), penicillin (100 U/mL)/streptomycin
non-essential amino acids solution (Gibco; 11140-035), 100 μM beta-mercaptoethanol (Sigma; M7522), and recombinant mouse leukemia inhibitory factor (1,000 U/mL; Chemicon no. ESG1107). ES cells were trypsinized with 0.05% Trypsin-EDTA (Gibco; 25200), and passaged every three days at a dilution of 1:200.
Mouse mesenchymal stem cells C3H10T1/2 and mouse somatic cells NIH/3T3 (a gift from Dr. Bingyu Mao at Kunming Institute of Zoology, Chinese Academy of Sciences)
were cultured in a humidified incubator at 37℃, under an atmosphere of 5% CO 2 and 95% air. The medium was composed of DMEM (Gibco; 11965) supplemented with 10% fetal bovine serum (Hyclone).
Alkaline phosphatase (AP) staining
During the log phase, ESCs were fixed by 4% ice-colded paraformaldehyde (PFA) for 1 min. Cells were then rinsed and incubated (15 min, RT) with staining solution (BCIP/NBT Alkaline Phosphatase Color Development Kit; Beyotime C3206).
Undifferentiated ESC colonies were atropurpureus whereas differentiated colonies colorless.
Embryoid bodies (EB) differentiation of ESCs
ESC differentiation was carried out by EB formation as described (Kurosawa, 2007) . 
Retinoic acid (RA) induced differentiation of ESCs
Retinoic acid-induced ESC differentiation was performed as described (Lin et al., 2004) . Briefly, ESCs were digested with trypsin-EDTA. 1×10 6 cells were plated onto gelatinized 10 cm dishes containing 10 mL of normal ESC culture medium in feeder-free condition. 24 hr after plating, normal ESC medium was changed to the ESC medium without LIF but supplemented 0.5 μM retinoic acid (Sigma, R2625). The medium was changed daily, and the cells were cultured for two weeks. 
Telomere fluorescence in situ hybridization (T-FISH)
Metaphase chromosome spreads were prepared as described above and T-FISH were performed as described previously (Lansdorp et al., 1996) . Chromosomes were treated with 100 µg/mL RNase A for 10 min at 37 , fixed in 4% formaldehyde, and rinsed ℃ in PBS. The chromosome spreads were denatured by 70% formamide/2×Saline sodium citrate (SSC) buffer (0.3 M NaCl, 0.03 M sodium citrate, pH 7.0) at 75 for 2 min, ℃ followed by dehydration in ethanol series. Peptide-nucleic acid (PNA) telomere probes (Tel G -Alexa 488, PANAGENE, F1010-5) were denatured at 75 for 5 min. The ℃ denatured probes were added to the fixed cells on slides and kept in a humidified dark chamber at 37 for 3 hr. Slides were then washed in 70% fo ℃ rmamide/2×SSC buffer at 32
for 15 min and in sodium phosphate (PN) buffer (0.1 M NaH ℃ 2 PO 4 , 0.1 M Na 2 HPO 4 , pH 8.0 and 0.1% NP40) for 5 min. Slides were counterstained with DAPI. Images were captured using the Genus System (Applied Imaging Corp, UK) with a CCCD camera mounted on a Zeiss Axioplan 2 microscope.
Sister chromatid exchange (SCE) analysis
SCE analysis was performed as described (Tateishi et al., 2003) . In detail, ES cells
( 10 6 ) were cultured in the dark for 24 hr in ES medium containing 15 μM bromodeoxyuridine (BrdU; Sigma, B5002). Colcemid (0.02 μg/ml) was included for the final 2 hr. ES cells were harvested and treated with hypotonic buffer (10 mM Tris-HCl, pH 7.4; 40 mM glycerol; 20 mM NaCl; 1.0 mM CaCl 2 and 0.5 mM MgCl 2 ) for 15 min at 37 to ℃ swell the cells. The cells were fixed with methanol-acetic acid (3:1) for 30 min and then suspended in a small volume of the fixative. The cell suspension was dropped onto ice-cold wet glass slides and air dried, then incubated at 37 for ℃ 24 hr. The slides were then incubated with Hoechst 33258 solution (5 μg/mL; Beyotime, C1011) for 20 min, rinsed with 2×SSC (0.3 M NaCl, 0.03 M sodium citrate; pH 7.0). The slides were then immersed in 2×SSC (50 ) and covered with lens paper. Slides were ℃ exposed to UV light (325 nm) at a distance of 1 cm for 30 min and washed with water for 5 min. The slides were stained with 3% Giemsa solution at pH 6.8 for 10 min and examined with by light microscopy. Images were captured using a Leica TCS SP5 confocal microscope system (Leica Microsystems) and analyzed with Genus Cytovision software.
ES cell intratesticular injection, teratoma formation, and immunohistochemistry
The NOD/SCID mice were purchased from Beijing HFK Bioscience CO., LTD. ES cells were harvested by trypsinization, washed in PBS and resuspended in ES medium supplemented with 30% Matrigel (354234, BD Biosciences). The mice were anesthetized by an intraperitoneal injection of 100 mg/kg ketamine (Prokhorova et al., 2009) . A 1 cm long, transverse skin incision was made across the posterior abdomen. The testis was pushed slightly into the abdominal cavity. The ES cells were injected through the abdominal wall and into the central part of the testicle. Approximately 50 μL medium/injection was used. After thirty days, mice were sacrificed by cervical dislocation.
Teratomas were surgically removed, fixed in 4% formaldehyde, embedded in paraffin and sectioned (8~10 μm). Heat-induced antigen retrieval was performed by placing slides in a pressure cooker in citrate antigen retrieval buffer (pH 6.0) for 2 min. Slides were washed and permeabilized in 0.1% Triton X-100 (sigma) for 15 min prior to blocking in 5% BSA (Sangon, A0332) for 1 hr at room temperature. Sections were incubated with GFP primary antibody (Abcam, ab13970) at 4 overnight, followed by incubation with Alexa ℃ Fluor-conjugated secondary antibody (1 hr, RT). DNA was counterstained with DAPI (Sigma, D9564). The slides were visualized using a laser scanning confocal microscope (Olympus).
Antibody information
Pan-Filia antibody and serine 349 phospho-Filia antibody were generated by Abmart Inc. Synthetic peptide antigens (corresponding to APGKVRKAATQP and AATQL(pS)PVEAT) were utilized to immunize rabbits. All other primary and secondary antibodies were obtained commercially (Table S1 ).
Cell fractionation and immunoblotting
ES cells were cultured under feeder-free conditions. Cells were lysed in RIPA lysis buffer (Beyotime; P0013B). Nuclei were fractionated by using Nuclear and Cytoplasmic Protein Extraction Kit according to the manufacturer's instruction (Beyotime; P0028).
Mitochondrial isolation was performed with mitochondria isolation kit (Pierce, 89874) using reagent-based method according to the manufacturer's instruction as described (Zhang et al., 2010) . Mitochondria were isolated under sterile conditions at 4 .Mitochondrial (M) and cytosolic (C) fractions were collected respectively and analyzed ℃ by immunoblotting.
Protein concentrations were determined with an enhanced BCA Protein Assay Kit (Beyotime; P0010S). Proteins were separated on 10% SDS-PAGE gel and transferred to a nitrocellulose membrane. After incubation with blocking reagent (Roche; 11096176001), membranes were incubated overnight at 4 with primary antibody followed by ℃ horseradish peroxidase-conjugated secondary antibody using a DAB Horseradish Peroxidase Color Development Kit (Beyotime; P0203). In each case, experiments were carried out in triplicate and a representative blot was shown unless otherwise stated. ESCs were used as negative controls. Lysates were treated in the presence of 10 units/mL DNase I (New England Biolabs, M0303). Immunoprecipitation was carried out using protein G Dynabeads (Novex, 10009D) according to the manufacturers' protocol.
Immunoprecipitation and mass spectrometry analysis
After immunoprecipitation, proteins were fractionated by SDS-PAGE gel followed by SilverQuest staining (Beyotime, P0017L). The protein bands of interest were manually excised and the mass spectrometry analysis was performed by MASS core facility in Shanghai Institute of Material Medica, Chinese Academy of Sciences.
Immunofluorescent staining
Generally, cells were fixed with 4% paraformaldehyde (PFA) for 15 min at room temperature followed by permeabilization with 0.2% Triton X-100 in PBS for 5 min. After blocking with 1% BSA in PBS, cells were incubated with primary antibody overnight at 4 ℃ and Alexa-Fluor conjugated secondary antibody (Life Technologies). Fluorescent images were captured using a Leica TCS SP5 confocal microscope (Leica Microsystems). In the experiments to characterize the sub-cellular localization of Filia, rescue ESCs with ectopic expression of FLAG-tagged Filia or Filia variants were utilized. Free cytosolic Filia was simultaneously extracted at the fixation step by adding 0.1% Triton X-100 into the fixative solution to facilitate better visualization of Filia. For co-localization analysis of FLAG-tagged Filia with mitochondria, cells were fixed with 3% PFA (w/v) in PBS for 20 min at room temperature, and permeabilized with 0.1% TritonX-100 in PBS for 5 min. Cells were then treated with 8 M urea for 15 min (Malka et al., 2007) , and washed extensively with water and PBS. For spindle pole analysis, the Z-scan images were collected with a Z-slice interval of 0.22 µM.
DNA damage and drug treatments
To induce DNA damage, ES cells were cultured under feeder-free condition and treated with 60 J M -2 UV radiation (Lin et al., 2005) for 10 sec, 10 μM etoposide for 4 hr, 0.5 μM doxorubicin (Lin et al., 2005) for 4 hr, 2 mM hydroxyurea for 4 hr or 100 nM camptothecin for 4 hr. For competitive clone formation assay, ES cells were treated with 60 J M -2 UV radiation for 4 sec. To compare the apoptosis sensitivity between WT, FK and FK-S349D ES cells (Figure 5G ), the ES cells were treated with 50 μM etoposide for 4 hr.
ATM kinase inhibitor KU55933 (Selleck, S1092) was used to inhibit the enzymatic activity of ATM at different concentrations (10 µM, 20 µM, 50 µM, 100 µM). After incubation for 4 hr, lysates were collected for analysis. PARP1 specific inhibitor AG14361 (Selleck, S2187) was used to inhibit the enzymatic activity of PARP1 at a final concentration of 0.5 µM.
Cell cycle checkpoints analysis
For S phase checkpoint analysis (Buck et al., 2008) , ES cells were incubated with Beyotime C1052). DNA content was detected by FACS and the proportions of the cells at G1, S, and G2/M phases were calculated using WinMDI2.9 and Cylchred software. Dead cells with hypo-diploid DNA were measured by quantifying the sub-G1 peak.
Alkaline comet assay
Comet assay (alkaline condition) was performed as described (Swain and Subba Rao, 2011; Tice et al., 2000) . Briefly, ES cells were trypsinized and resuspended in ice-colded PBS (Ca 2+ and Mg 2+ free) in a concentration of 1x10 5 cells/mL. An aliquot of 30 μL cells was added to 70 μL of 0.8% low-melting agarose kept at 37 °C . The cell-agarose suspension was immediately pipetted and evenly spread onto an area of the comet slides.
Slides were kept at 4 °C for 10 min followed by immersion in lysis buffer (2.5 M NaCl, 100 mM Na 2 EDTA, 10 mM Tris-base, 1% N-lauroylsarcosine, 1% Triton X-100, pH 10.0) for 1 hr at 4 °C in the dark. Slides were then removed, washed, and incubated in cold electrophoresis buffer (300 mM NaOH, 1 mM EDTA, pH > 13) for 30 min. Electrophoresis was carried out at 1 V/cm, 300 mA for 30 min in the dark at 4 °C. At the end of the electrophoresis, the slides were washed with neutralization buffer (0.4 M Tris-HCl, pH 7.4) and immersed in ice-colded 100% ethanol at room temperature for 5 min and air dried.
Slides were stained with 5 μg/mL ethidium bromide for 30 min and immediately analyzed using a Leica digital camera. Comets were analyzed by CASP comet assay software 
Construction of lentiviral expression vectors
cDNA encoding Filia, Filia340 and KH domain (1-125aa) fused with c-myc at its C-terminus were cloned into pTOMO-IRES-EGFP lentiviral expression vector in which RFP coding sequence were removed. To prepare the 3×FLAG expression vector, cDNA sequence encoding 3 x FLAG were engineered upstream of Filia340 or Filia sequence.
Serine 349 was mutated into alanine (A) or aspartic acid (D) by site directed mutagenesis according to manufacturer's instruction (Strategene Quick-change Mutagenesis Kit).
